Previous studies have reported that longer stimulus presentation decreases the magnitude of priming. In the present study, we used meaningless kaleidoscope images, which were reported to minimize conceptual processing, to investigate the mechanism of the phenomenon. We assessed the impact of stimulus duration on perceptual priming (Experiment 1) and implicit recognition memory (Experiment 2). Both the magnitude of priming and the accuracy of implicit recognition were lower with the longer stimulus presentation (350 ms) than with the shorter presentation (250 ms). This coincidence of temporal dynamics between priming and implicit recognition suggests similar underlying memory mechanisms. In both cases, the decrease of performance with longer presentation can be explained by either changes in perceptual processes or interference from explicit memory retrieval.
1. Introduction 1.1. "Rise and fall" pattern of priming Priming refers to the retrieval of pre-acquired representations without a need for conscious awareness of memory (Graf & Schacter, 1985) . Furthermore, the magnitude of priming is often assessed by behavioral measures such as faster response time or greater accuracy. Several studies suggest that short presentation of a previous stimulus provides positive priming, whereas longer presentation leads to weaker or even negative priming (Barbot & Kouider, 2012; Faivre & Kouider, 2011; Huber & O'Reilly, 2003; Zago, Fenske, Aminoff, & Bar, 2005) . Among these previous studies, Zago et al. (2005) is unique in its examination of the "rise and fall" pattern in a fine timescale.
They presented color photographs of familiar objects, and participants identified the objects as natural or manmade. The magnitude of priming increased with short presentation of primes (40-250 ms) but decreased with longer presentation (350-1900 ms) . The researchers observed that the rise and fall pattern was present with the maximal magnitude of priming for 250 ms of previous stimulus exposure.
They explained this pattern by introducing a combined model of "sharpening" (Desimone, 1996) and "selection" (Wiggs & Martin, 1998) . According to this model, short presentation of a previous stimulus improves the coding of stimulus features and sharpens object representation. Longer presentation, however, elicits a selection process based on high-level information and semantic knowledge. Selection leads to the continued representation of the features essential for identifying the object and the discarding of non-essential features. Therefore, overlapping features between the representation of the previous stimulus and the target decrease, which reduces the 4 magnitude of priming.
Although the combined model of sharpening and selection explains the rise and fall pattern, it is only one possible explanation, and it requires validation as well as allows for other accounts. Sharpening is supported by physiological evidence which indicates that neurons in the inferior temporal cortex of macaque monkeys represent only global properties of stimuli at ~130 ms, before becoming more stimulus-specific at ~240 ms (Tamura & Tanaka, 2001) . It is, however, not as well supported that selection leads to the "fall" pattern of priming, because selection is considered to cause a faster and more efficient behavioral response (Wiggs & Martin, 1998) . Considering that the task requirement in Zago et al. (2005) was to judge whether the objects were natural or manmade, selection of the essential features for identifying a certain object should have been highly beneficial, and we could argue that selection should have increased rather than decreased the magnitude of priming. Therefore, we need an alternative account for the fall of priming.
We must also note that perceptual priming and conceptual priming might have co-occurred in Zago et al. (2005) , given the properties of their task and stimuli.
Considering that perceptual and conceptual priming have different attributes and depend on distinct neural mechanisms (Voss, Schendan, & Paller, 2010) , research must identify the factors involved in forming the rise and fall pattern.
To address the aforementioned issues, we examined the rise and fall pattern of priming under conditions in which conceptual processes (selection and conceptual priming) are not likely to arise. An effective method of excluding the influences of conceptual processes is to use stimuli without pre-existing memory (Deschepper & Treisman, 1996; Musen & Treisman, 1990; Schacter, Cooper, & Delaney, 1990; Voss & Paller, 2010a) . We 5 used the meaningless kaleidoscope images introduced by Voss and colleagues (Voss, Baym, & Paller, 2008; Voss & Paller, 2010a) , and employed a color-decision task similar to that in their studies. In the present study's Experiment 1, participants judged the number of colors in minimally meaningful and difficult-to-recognize kaleidoscope images. If the rise and fall pattern is replicated under the conditions of the present experiment, the fall cannot be explained by selection with higher-level semantic information.
Implicit memory processes in recognition memory tests
Another question is whether the rise and fall of performance is specific to priming or more generally observed for implicit memory. To investigate this question and elucidate the underlying mechanism, we compared the impact of stimulus duration on priming in Experiment 1 with that on the recently reported phenomenon of "implicit recognition" in Experiment 2.
One of the most fundamental topics in the study of memory is the dissociation between implicit and explicit memory (Graf & Schacter, 1985; Schacter & Tulving, 1994) . Most studies have attempted to demonstrate one-to-one correspondence between performances of a certain task and a certain memory (Berry, Shanks, & Henson, 2008) .
In this view, the priming task is considered to be driven only by implicit memory and the recognition task only by explicit memory.
However, several studies suggest that recognition judgments might be affected by implicit memory (Jacoby & Whitehouse, 1989; Rajaram, 1993; Tunney & Fernie, 2007) .
In these studies, target stimuli primed by a masked preceding stimulus were likely to be recognized as old. Furthermore, recent studies have more clearly demonstrated the 6 contribution of implicit memory to recognition memory performance (Vargas, Voss, & Paller, 2012; Voss et al., 2008; Voss & Paller, 2009; Voss & Paller, 2010b) . In Voss and Paller (2009) , participants studied kaleidoscope images in either a full-or divided-attention condition. In a forced-choice recognition test, participants selected the old image and reported their awareness of memory via a remember/know/guess procedure. Surprisingly, performance was better under the divided-attention condition than under the full-attention condition. Moreover, accurate recognition occurred without conscious awareness of memory; the accuracy of the "guess" response was very high and was even higher than that of the "know" response. This implicit recognition was associated with the N300 effect in the evoked potentials; it was similar to that associated with perceptual priming and was distinct from the positive brain potential associated with recollection and familiarity. These results supplement their argument that implicit recognition and priming depend on similar implicit memory mechanisms.
These findings indicate a crucial contribution of implicit memory processes to recognition performance. This implicit recognition, however, is highly elusive, difficult to replicate (Jeneson, Kirwan, & Squire, 2010) , and demands many strict prerequisites (Voss & Paller, 2010b) . Furthermore, there is little behavioral evidence indicating that implicit recognition relies on implicit memory processes; existing evidence merely suggests that lateralized visual fluency may be responsible for implicit recognition (Vargas et al., 2012) .
In Experiment 2, to obtain insights into possible common mechanisms, we assessed whether implicit recognition exhibits dependence that is similar to that of priming on stimulus duration. As previously mentioned, the magnitude of priming rises and falls with stimulus duration. Therefore, if implicit recognition and priming are based on 7 similar implicit memory processes, the performance of implicit recognition would vary following the same time course as that of the magnitude of priming. Using kaleidoscope images similar to those in Experiment 1, Experiment 2 investigated whether implicit recognition shows the fall pattern, because we consider this unique and counterintuitive fall pattern as the most characteristic feature of the temporal dynamics of priming.
Experiment 1
We investigated the time course of priming using meaningless kaleidoscope images.
Because of the small number of available images, we assessed the "rise" and "fall" for different groups of participants (referred to as the "brief" and "long" conditions, respectively).
Materials and Methods

Participants
A total of 32 students from Kyoto University volunteered to participate in Experiment 1: 16 (11 men, 5 women; ages 18-24 years) participated in the brief condition and the remaining 16 (12 men, 4 women; ages 19-28 years) participated in the long condition.
They were paid according to the Kyoto University standard. All participants had normal color vision.
Materials and Procedure
Courtesy of Dr. Voss, we used 180 kaleidoscope images introduced in Voss et al. (2008) and Voss and Paller (2010a) . Among these images, 90 contained three colors and the 8 remaining contained four or five colors. Images were randomly assigned to experimental blocks for each participant and were displayed on a dark background on a computer monitor (23″ Apple Cinema Display) using the software Presentation (Neurobehavioral Systems). In the long condition, participants performed the same color-decision task as in the brief condition, except that stimulus durations in the prime session were 250 ms and 350 ms, with mask durations being 250 ms and 150 ms, respectively. 9 2.2. Results and Discussion (Fig. 2) . We conducted a two-way mixed design ANOVA on the mean magnitude of priming with condition (brief/long) as a between-participant factor and stimulus duration (shorter/longer) as a within-participant factor. There was no significant main Although different groups of participants were involved in the different conditions, the performances in the 250-ms conditions did not significantly differ between the groups (t = .52, p = .61 for RT and t = .72, p = .48 for accuracy).
To summarize Experiment 1, the rise and fall pattern of priming was successfully replicated when the influence of conceptual processes (selection and conceptual priming) was unlikely to contribute. One could posit a possible confounding effect of the different mask durations for each prime duration, for the constant total of 500 ms. We believe, however, that this should not be a crucial issue, at least for the fall of priming. If the mask impaired priming, the magnitude of priming should have been the greatest for 350-ms-primed trials, in which the mask was the shortest. However, this was not the case. The rise could be affected, but it is unlikely that the primes are sufficiently identified immediately after the onset, and the rise of priming should be expected 11 regardless.
We should note that 2000 ms of kaleidoscope presentation led to significant priming in Voss and Paller (2010a) , whereas 350 ms of presentation did not do so in the present study. Unlike in our study, they introduced an auditory 1-back task as a distractor in the study sessions, which we consider to cause the discrepancy. The general discussion will further discuss this point. Table 1 . Mean reaction times and mean response accuracies for each condition. 
Experiment 2
We investigated the impact of stimulus duration on the performance of implicit recognition. If implicit recognition and priming are based on similar implicit memory processes, the performance of implicit recognition should exhibit a fall pattern similar to that in Experiment 1. We investigated only the fall pattern because we consider this counterintuitive pattern as the most characteristic feature of the temporal changes in implicit memory processes, whereas the rise is naturally expected.
Materials and Methods
Participants
Twelve students (8 men, 4 women; ages 18-25 years) at Kyoto University volunteered to participate in Experiment 2. They were paid according to the Kyoto University standard. All participants had normal color vision.
Materials and Procedure
The stimuli were 396 kaleidoscope images used in Voss et al. (2008) , all containing three colors. They were similar to the images used in Experiment 1. There were 180
visually similar pairs and 36 other images used as primacy and recency buffers in the study sessions. Ten pairs and two buffers were used in each study-test block. Images were randomly assigned to experimental blocks for each participant and were displayed on a dark background on a computer monitor (23″ Apple Cinema Display) using the software Presentation (Neurobehavioral Systems). In the study session, 12 images were presented (one from each of the 10 pairs and two buffers). Half the images were presented for 250 ms and the other half for 350 ms. The two durations of trials were alternately presented, and the duration of the first trial was counterbalanced across blocks. Images were immediately followed by a mask, and there were two mask durations (250 and 150 ms) to standardize the total duration of presentations at 500 ms.
The first and last images in the study sessions were used as primacy and recency buffers and were not included in the test session. To inhibit semantic encoding, we used articulatory suppression (Murray, 1967) . Participants explicitly encoded the images while continuously vocalizing the word "the" approximately once per second during the study session. There was no guide for the timing of vocalization. Inter-trial interval was 2000 ms.
In the test session, 15 s after the study session, forced-choice recognition tests were conducted. Ten images (excluding the first and last buffer images) from the study session were tested in random order. In each trial, a pair of images (a studied image and its visually similar foil) appeared alongside each other for 2000 ms. The studied image was equally likely to appear on the left or right. During the following 2500 ms, participants indicated the side on which the studied image was presented by pressing a key. Participants were then asked to report their awareness of memory (metamemory) via a remember/know/guess procedure. A remember response indicated that the recognition was accompanied by high confidence and specific details about the kaleidoscope image. A know response indicated that the recognition was supported by a 14 vague familiarity but no details. A guess response suggested that participants had no awareness of memory retrieval and no feeling of familiarity. Participants were told not to hesitate to guess. Inter-trial intervals were 2000 ms.
Results and Discussion
We predicted that the guess responses (implicit recognition) would be more accurate for the images that were previously presented for 250 ms than for those presented for 350 ms. The mean proportion of correct responses for each metamemory category is shown in Fig. 4B . A repeated measures ANOVA was conducted with metamemory category and stimulus duration as within-participant factors. There was a significant main effect of metamemory category (F (2, 22) = 28.65, p < .001) but no significant main effect of stimulus duration (F (1, 11) = .87, p = .37); importantly, there was a significant interaction between stimulus duration and metamemory category (F (2, 22) = 3.67, p = .04). A simple main effects analysis revealed that the mean proportion of correct responses for 250-ms-studied images was higher than that for 350-ms-studied images for the guess response (F (1, 33) = 4.57, p = .04), but it revealed no significant difference for the know response (F (1, 33) = 1.08, p = .31) or the remember response (F (1, 33) = 1.94, p = .17). Moreover, a one-sample t-test revealed that the mean proportion of correct responses for 250-ms-studied images in the guess category was significantly above the chance level (t (11) = 3.15, p = .01), whereas that for 350-ms-studied images was not (t (11) = −.44, p = .67). These results suggest that accurate recognition without awareness of memory occurred only for the 250-ms-studied images.
To summarize the results, implicit recognition was present only for the 250-ms-studied images, and, importantly, implicit recognition performance declined at the same time point as did the magnitude of priming in Experiment 1. Thus, the results demonstrate the first behavioral evidence that implicit recognition and priming exhibit a similar pattern of temporal dynamics, suggesting similar implicit memory mechanisms underlying the two phenomena. Bar (2001) and Zago et al. (2005) suggest that the magnitude of priming reflects the state of pre-acquired representations of a previous stimulus. Therefore, perceptual representations might reach optimum efficiency at approximately 250 ms of previous stimulus exposure, which explains the rise pattern. This process can be labeled as "sharpening" (Zago et al., 2005) . However, considering that the target images were meaningless and participants did not have pre-existing memory of them, the fall pattern observed in the present study is difficult to explain by "selection" (Zago et al., 2005) . Instead, we propose that the bottom-up changes in visual perception cause the rise and fall. Perceptual representations reach optimum efficiency at a certain amount of stimulus exposure and are less efficient thereafter because of bottom-up changes in perceptual processes.
Experiment 1 also found that priming almost completely disappeared when prime stimuli were presented for 350 ms. Many other studies, using more meaningful stimuli, demonstrated significant priming for longer primes (McAuliffe & Knowlton, 2009; Voss & Gonsalves, 2010; Zago et al., 2005) . Thus, the results suggest that the efficiency of perceptual representations may disappear during the early period of stimulus presentation and that only more durable conceptual representations may endure.
Consistent with this view, several studies have proposed that representations at lower levels might be activated and habituated more quickly than those at higher levels (Huber, Shiffrin, Lyle, & Ruys, 2001; Huber & O'Reilly, 2003) . It is more economical to code abstracted and conceptualized information of objects than to maintain codes for their direct physical features.
Alternative account: explicit memory interference
Another possible cause of the rise and fall is interference by explicit memory retrieval.
First, identifying the stimulus requires a certain duration. Second, viewing the stimulus after identifying it enables additional explicit memory encoding. Explicit retrieval during the test might reduce the extent to which implicit memory signals determine the decision and impair implicit memory performance.
This reasoning effectively explains the discrepancies between our study and previous studies. We have noted that 2000 ms of stimulus presentation led to robust priming or implicit recognition in previous studies (Voss & Paller, 2009; Voss & Paller, 2010a) , whereas 350 ms of presentation did not do so in the present study. The major difference between our study and theirs is that unlike us, they introduced an auditory 1-back task as a distractor in the study sessions. This distractor might impair elaborative encoding during the study phase. Therefore, with a demanding secondary task, explicit memory could be effectively suppressed even for the 2000-ms stimulus exposure, thus not allowing it to interfere with later implicit memory. Thus, the difference between our results and those of previous studies might indirectly support the "explicit memory interference" explanation of the fall pattern.
In addition, the performance of implicit recognition in our experiment was relatively low. The accuracy of the guess responses for 250-ms-studied images in the present study was 57.8%, whereas in Voss and Paller (2009) , the accuracy of the same in the divided-attention condition was approximately 78%, higher than the accuracy of the know responses. Participants may have elaborately encoded kaleidoscopes without the demanding 1-back task in the present study, which might have reduced the contribution of implicit memory to recognition performance, thus decreasing implicit recognition performance. In fact, Voss and Paller (2009) reported that implicit recognition performance declined when the participants did not perform the 1-back task during the study.
Furthermore, Lee, Blumenfeld, and D'Esposito (2013) reported that applying transcranial magnetic stimulation over the dorsolateral prefrontal cortex (DLPFC) improved the accuracy of implicit recognition and suggested that explicit memory 20 processes mediated by the DLPFC can interfere with implicit recognition. These results indirectly support the "explicit memory interference" explanation of the fall of implicit memory.
Implicit memory processes in various types of memory tests
The present study demonstrates that recognition memory can be driven by both implicit and explicit retrievals, which raises doubts about the one-to-one correspondence between a certain task and a certain memory. We consider that, in any type of memory task, people acquire many levels of representations from stimulus presentation, and the contribution of these representations to performance may vary in relation to the task's attributes or the participants' strategy. Turk-Browne, Yi, and Chun (2006) also posited that implicit and explicit memory can rely on the same encoding factors and similar perceptual representations. Further research is necessary to arrive at a firm conclusion, but researchers should remain aware of the possibility of multiple factors even when using a single memory task.
